The authors examined risk factors for benign thyroid nodules and their influence on radiation effects among 544 subjects who were exposed to childhood radiation treatment for benign head and neck conditions at a Chicago, Illinois hospital during 1939Illinois hospital during -1962. In follow-up through 1991, benign thyroid nodules were diagnosed in 131 patients. The risk of benign nodules was elevated in women (relative risk (RR) = 2.2, 95% confidence interval (Cl) 1.6-3.2), Jews (RR = 1.7, 95% Cl 1.1-2.5), college graduates (RR = 1.8, 95% Cl 1.2-2.8), and subjects whose mother had cancer (RR = 1.7, 95% Cl 1.2-2.5). There were increasing trends for risk with increasing body mass index in women and decreasing height in men. Risk was increased for women who never married (RR = 3.7, 95% Cl 1.6-7.3) or who never had a full-term pregnancy (RR = 2.0, 95% Cl 1.1-3.3). A significant radiation dose-response relationship was observed that was not modified by sex, education, Jewish religion, or reproductive factors. The data suggest that there are genetic, life-style (including ascertainment), and hormonal factors associated with the development of benign thyroid nodules. Am J Epidemiol 1996; 144:728-33. dose-response relationship, radiation; family health; radiation; reproductive history; socioeconomic factors; thyroid neoplasms
We examined potential risk factors for the development of benign thyroid nodules in a cohort exposed to radiation therapy during childhood for benign conditions in the head and neck area (1) (2) (3) . Data collected include the occurrence of benign and malignant thyroid nodules, socioeconomic factors, religion, height and weight, family history of cancer, and reproductive data in females. The study of benign thyroid tumors provides the opportunity to identify factors that influence carcinogenesis in its early stages (4) . In addition, we evaluated the effect of these factors on radiation risk estimates.
MATERIALS AND METHODS

Study subjects
The subjects are part of a cohort of 4,296 patients who received radiation in childhood for benign con-ditions of the head and neck at Michael Reese Hospital in Chicago, Illinois during 1939-1962 (1) . Locating the subjects and screening for thyroid nodules began in 1974 (1) (2) (3) . In 1991, a sample of 770 persons were selected randomly from the group of 2,985 traced subjects who lived in the United States. A structured telephone interview including the information cited above was completed by 590 subjects (76.6 percent). Comparisons between the sample population and the full cohort showed no substantial differences in terms of sex, radiation dose, year of treatment, or age at treatment. Similarly, the nonrespondents in the sample closely resembled the respondents. A total of 46 subjects were excluded; 45 lacked dose estimates and one subject had a skin cancer with indeterminable diagnosis date. Benign thyroid neoplasms, confirmed by review of pathology or cytology reports, developed in 192 study subjects. The 58 patients who also developed thyroid cancer (3 before, 6 after, and 49 at the same time as the benign tumor) and 3 who developed other cancers before their benign nodules were not counted as cases. In all, 131 incident cases of benign thyroid nodules occurred among 544 subjects. Follow-up began on the date of radiation treatment and lasted until the earliest of the surgical diagnoses of benign thyroid tumors, any cancers, or the survey date.
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STATISTICAL METHODS
The relation between the incidence of benign thyroid nodules and various risk factors was examined using Poisson regression for grouped survival data (6) . The data were cross-tabulated by sex, age at exposure, attained age in years, calendar year intervals for last follow-up, and radiation dose to the thyroid measured in centigray (cGy) as described previously (1) .
The incidence in stratum ij (y tJ ) was modeled by a linear excess relative risk model for radiation doseresponse
where dy is the /th dose category in stratum i, /3 is the excess relative risk per cGy averaged over all strata, a k are the parameters corresponding to the non-radiation risk factors, and A m are the parameters of the radiation effect modifying covariates. The mean dose in each d tJ was used. Radiation effects were evaluated by estimating the background disease rate, 7^, in strata defined by sex, attained age, and calendar year categories, setting a k = k m = 0. Adjustment for other significant socioeconomic factors was done by including them in Z k to estimate a^, setting A m = 0. Effect modification was assessed by including the effect modifiers of interest in X m , allowing a k and A m to be estimated.
The evaluation of non-radiation risk factors, adjusted for radiation and modifying effects of age at exposure, was done by including sex, age, and square of age as covariates Z k in the background rates. Factors of interest were then included in the exponential function and their significance evaluated by likelihood ratio tests. Relative risks (RR) are given except in the case of dose-response relationships, where excess relative risks (ERR) are used.
RESULTS
Characteristics of the study population by sex are shown in table 1. Benign thyroid nodules were 1.8 times more frequent in females (33 percent) than in males (18 percent).
The risk of thyroid nodules (table 2) was elevated in females, Jews, college graduates, and never married subjects, especially women (RR = 3.7, 95 percent confidence interval (CI) 1.6-7.3). Additional adjustment for religion, education, and their interaction increased the relative risk (95 percent CI) of benign thyroid nodules for women to 6.2 (3.1-17.1) and for Jewish men to 3.5 (1.7-8.5). The risk of developing benign thyroid tumors was higher in subjects whose mother, father, either parent, or any immediate family member had cancer (table 2). The familial cancer results were not affected by the effects of education or Jewish religion and vice-versa. Maternal cancer remained significant in a model incorporating all risk factors.
The risk of developing benign thyroid nodules appeared to decrease in men with increasing adult height 
1.0-2.0
NDt-235 * Risk is relative to the baseline modeled by an exponential function of age, square of age, sex (for factors other than sex), and adjusted for radiation dose and age at exposure.
t Cl, confidence Interval; ND, not determlnable. t For "family history of cancer," the sample size was reduced to 525 (122 cases) because one subject was randomly excluded from each of 19 irradiated sib pairs.
(RR = 1.0, 0.70, 0.61, 0.41 by ascending quartiles of height; p = 0.13 for homogeneity; p = 0.05 for trend) and appeared to increase for women with larger body mass index (RR = 1.0, 1.4, 1.7, 1.3 by ascending quartiles of body mass index; p = 0.44 for homogeneity; p = 0.03 for trend) (data not shown).
Adjusted for age and radiation effects, having never married remained a strong risk factor for the development of thyroid nodules (table 3), but age at menarche and having undergone menopause were not. Full-term pregnancy was found to be protective, reducing the risk of thyroid nodules to half of that for women who had not had a full-term pregnancy. No differences in risk were found by age at first birth. Oral contraceptive use may lead to a higher risk of developing thyroid nodules, but no clear trend was apparent with age at first use or with duration of use. Further adjustment for the effects of body mass index did not change these results.
When background rate was stratified by sex, attained age, and calendar years for last follow-up, the excess relative risk for benign thyroid tumors was 0.11 per cGy (lower 95 percent confidence limit, 0.02; upper limit not determinable), which is close to the risk observed in the full cohort (ERR = 0.08, 95 percent CI 0.03-0.37) (1) . In regard to factors that could modify the dose-response, the effect of age at exposure was strong (p = 0.006), whereas the effect of screening for thyroid nodules (comparing pre-and post-1974 cases) was not significant (p = 0.71). The excess relative risk adjusted further for religion, education, and maternal cancer history was 0.13 per cGy (with 19 siblings removed), no different than the unadjusted excess risk for the full sample (ERR = 0.11 per cGy). Other radiation treatment (39 subjects, 7 with thyroid nodules) was not a risk factor (RR =1.1) and had no effect on the dose-response.
Considered either singly or in multivariate analyses, sex, education, Jewish religion, or any of the reproductive factors did not modify the dose-response significantly (ERR = 0.13 per cGy compared with 0.11 per cGy, data not shown). t Cl, confidence interval; ND, not determinate t Two cases had missing data on age at menarche. The mean age at menarche was 12.2 years. § Data censored at the time of removal of a benign thyroid nodule U The mean number of full-term pregnancies (live births and stillbirths) was 2.3. # The mean age at first full-term pregnancies was 25.4 years. ** Mean age at first use of birth control pills was 23.3 years; mean duration of use was 5.3 years, ft Menstruation stopped In 49 women due to natural menopause (mean age •> 48.8 years) and in 48 due to surgery (mean age •= 38.5 years).
History of cancer in a parent or any first-degree relative did not significantly influence the doseresponse, although the ERR for persons irradiated before age 5 years was nonsignificantly higher for those with family history of cancer than for those without such a family history. Results were similar after adjustment for the effects of education and Jewish religion.
DISCUSSION
The high incidence of benign thyroid nodules in this cohort (1-3) provided an opportunity to study potential risk factors for developing benign thyroid nodules and how they influence the radiation dose-response relationship.
There is increasing evidence that being Jewish is a risk factor for thyroid cancer (8) (9) (10) (11) . In persons who received radiation to the thymus gland as infants in Rochester, New York, Jews had an increased risk of thyroid neoplasms, and the slope of the dose-response for thyroid cancer was steeper for Jews than nonJews (11) . An association between benign thyroid nodules and being Jewish was also demonstrated in our study, although the effect was confined to Jewish men.
In the Rochester, New York study, the risks for benign and malignant thyroid nodules increased with greater educational attainment, which also modified the cancer dose-response relationship (5, 11) . Our results for benign nodules support these findings. A higher level of education may be associated with better access to medical care and, thereby, increased ascertainment. The relation to thyroid cancer was not found in other studies (12) (13) (14) (15) .
Am J Epidemiol Vol. 144, No. 8, 1996 We showed that the presence of cancer in the mother and cancer in any first-degree relatives was associated with an increased risk of developing benign thyroid nodules. There was also some suggestion that family history of cancer affects the dose-response relationship in people irradiated at an early age. Shore et al. (5, 11) found an association between family history of cancer and benign thyroid nodules, but not thyroid cancer. Further, the family history of cancer modified the dose-response relationship for benign nodules (5) .
A significant trend was found between an increasing risk of developing benign thyroid nodules and short stature in males and high body mass index in females. Three studies found an increased risk of thyroid cancer with obesity (12, 13, 16) , while one study did not (15) . Our findings on benign thyroid nodules and the published reports on thyroid cancer are consistent with respect to obesity, suggesting a common mechanism, possibly the production of estrogenic steroids by adipose tissue.
Because thyroid neoplasms are more common in women than men, a number of thyroid cancer casecontrol studies have assessed hormonal and reproductive variables. In some studies, but not others, cases were more often parous than controls (15, (18) (19) (20) . Shore et al. (5) reported that parity conferred a nonsignificantly increased risk for development of benign thyroid nodules. Our data indicate a protective effect of pregnancy versus no pregnancy; however, among parous women, the risk of developing a benign nodule appeared to increase with the number of pregnancies (/? = 0.08). The latter observation and the higher risk with oral contraceptive use (p = 0.09) may be linked to other factors such as educational attainment or more frequent medical care (5) .
The availability of data on personal and familial risk factors for our sample enabled evaluation of theneffects on the radiation dose-response relationship. While sex, education, reproductive factors, and a history of maternal cancer were found to be significant risk factors for benign thyroid nodules, no evidence was found for their interaction with radiation dose. These findings offer reassurance for interpreting the results from other radiation studies.
The present study is limited by its relatively small sample size. However, the sample is representative of the entire cohort in terms of incidence rates, demographic variables, and the dose-response relationships (1) . Another potential limitation is recall bias and inaccurate reporting, especially during a telephone interview. Religion, educational attainment, and parity are likely to be reported with high accuracy, but other factors may be reported less accurately. A family history of serious cancers is generally reported with high accuracy, but reporting of thyroid and skin cancer is not very reliable (21).
Of the associations reported here, familial cancer history suggests a genetic factor, educational attainment suggests life-style factors (such as diet or medical utilization patterns), and being Jewish could involve both. The predominance of thyroid tumors in women and the suggestive association with reproductive factors supports the hypothesis that hormonal mechanisms may play a role in the development of these tumors.
